Computer supported collaborative work supports the interaction and joint task solving between humans by setting a machine or computer in-between. Similarly, collaborative environments support decisionmakings incorporating different points of view and a variety of competences. As such, the identification and selection of the underlying requirements involved in collaboration is a challenging task. In order to facilitate this task, we performed a thorough literature review with the aim to discern such requirements. The result is a set of qualitative criteria that can be applied to generic computer supported collaboration environments. Furthermore, the mapping of the generic catalogue to a specific collaboration task is demonstrated.
INTRODUCTION
Collaboration among stakeholders is an increasingly used practice for design, evaluation and concept balancing. This practice enables decision-making processes with a rich environment allowing different points of view and a variety of competencies. Reflecting and integrating all ideas and expertise is crucially important. Commonly, software tools are used to support this collaborative working style. According to Mittleman et al. (2008) , most of these collaboration tools are developed for the mass market and do not suffice the specific needs of a collaborating group. Hence, these needs must be satisfied by the use of customized tools. The works' objective is to establish and provide a set of qualitative criteria that apply to generic collaboration environments that can substantially and holistically advance the productivity of collaborations. The specific adaption and utilization of the criteria catalogue will be demonstrated in a case study based on a task model of collaborative authoring.
RELATED WORK
An extensive literature review was performed covering the fields of Human Computer Interaction (HCI), Computer-supported collaborative work (CSCW), cognitive science and social science. From this wide range of collected publications, we identified criteria for collaborative work dedicated to specific technology (Borghoff and Schlichter (2000) ) like table tops (Scott et al. (2003) ) or mobile devices (Donker and Blumberg (2011) ). We extracted criteria of collaboration support systems in information visualization (Tobiasz et al. (2009) ), visual analytics (Bren-nan et al. (2006) ), business processes (Mundbrod (2012) ), virtual reality (Liu et al. (2012) ) and de-sign and engineering (French et al. (2014) , Johnson et al. (2011 ), Briggs et al. (2010 and Briggs et al. (2003) ). Also, existing work about single aspects of successful cooperation like awareness indication (Beaudouin-Lafon and Karsenty (1992) , Dourish and Bellotti (1992) ), as well as satisfaction and team effectiveness as investigated by Kot-tke (2013), Jose´ et al. (2014) and Rousseau and Aube´ (2010) ) have been considered. The criteria catalogue presented here provides an overview of the most important support features for collaboration systems and contains design recommendations to achieve the desired facilitation support. Explanations about the selection process is provided.
COLLABORATIVE WORK
Collaboration can be defined as a joint activity in which individual participants share an obligation to coordinate in individual autonomy in the service of progress towards a common goal (Johnson et al. (2011) ). This definition indicates that different working styles and different work phases exist in collaborative work. Working styles can be classified into two groups: task performance (jointly working on a task) and single task performance (individual working on a task), where actors work individually by taking on responsibilities for directing their task accomplishment toward the achievement of the established team goals. In regards to computer support of team work additional attributes like the participants' location and the synchronicity of work performance needs to be considered. Therefore, the task performance can be identified upon the attributes location; indicating the physical location of the participants and division of labour, which describes that tasks are performed individually but the integration and collection of the results need to meet the requirements of all participants. Thus, we can distinguish among four types of working styles between which actors switch most likely during: co-located cooperation; distributed cooperation; co-located single task performance; distributed single task performance. session starts with the assignment of tasks and roles to each actor that is facilitated by a software tool or performed in a group meeting setup beforehand (step 1). No active participation of actors lowers the motivation of the entire group and the quality of the overall results. In the next step, users (jointly or individually) create drafts of the desired goals and the approach for reaching these goals (step 2). This step is accompanied by continuous comments and feedback loops, which lead to group discussions (step 3). The outcome is a draft in which ideas and expertise from all participants are considered and integrated. Afterwards the working style changes to single task performance where the actual execution of the assigned tasks is performed (step 4). The phase of task execution is closely linked with the reviewing and revision phase (step 5) in which all ideas, comments and suggestion will be discussed and incorporated. The decision about accepting the output is the outcome of step 5 and leads to task establishment (step 6).
CRITERIA IDENTIFICATION
To identify all-embracing criteria of collaboration support systems, we observed existing theoretical and practical literature as mentioned in the related work and identified criteria, intended to support collaborative work. In the first step, the criteria have been collected, sorted and grouped in conformity with the proposed instructions (e.g. highlighting, screen sharing, etc.). Then, analogous criteria have been detected and integrated into single criterion definitions while additional criteria are deduced from existing ones. Additionally, the results of this classification were validated through extensive interviews and questionnaires, and by monitoring and observing collaborative design sessions. Afterwards a categorization based on the impact of the instructions has been performed (e.g. instruction: accentuating leads to impact: information sharing). The resulting catalogue of collaboration support criteria is presented below:
1. Content support refers to the active interaction and integration of the content by the actors, which is highly reliant on the underlying task. Drafting and task execution phases as depicted in Figure 1 are strongly related to the underlying task model and can be for example, a writing process, designing or creation. These criteria are required in adapted form, which are derived from the task models. Amplifies active participation. c. Intuitive and simple technology: The tool is easy to understand and easy to use. d. Reduced cognitive load of actors: Actors should be able to focus on the task. e. No all-embracing knowledge/expertise needed: actors only learn the techniques needed to conduct own domain related actions.
AN EXAMPLE DOMAIN
We demonstrate the use in practice of the described catalogue by illustrating the impacts of the interdisciplinary collaboration requirements using a dedicated task model of collaborative authoring as introduced by Kulyk et al. (2011) .
Collaborative Authoring
The aim of collaborative authoring is to combine input of multiple actors in order to create a written document. Similar to the ontology of collaborative work in Figure 1, Figure 2 sketches the activities performed in collaborative authoring. The general steps are adopted to the task, for example "Task execution" is refined into the tasks of "Writing" and "Formatting". The collaborative session starts with high-level activities, like the conduction of a planning meeting to define the concept of the outcome. A document outline may be defined and writing tasks are distributed among the authors. The assignment of work can be done by a single individual or through mutual agreement of the authors. Subsequently, medium level activities like writing single chapters, creating graphs or collecting references, are commonly performed by individual actors in a single task setting. Low-level activities describe sub tasks, which are performed in order to accomplish medium level tasks: combining document fragments, note taking, etc. The performance of medium level activities is connected with continuous feedback loops provoked by commenting and accentuating. To highlight the selection process we discuss the criteria selection of Coordination support from the generic catalogue adopted to the example domain. Jurisdiction (3.a) is crucial to assign tasks and roles to guarantee that every actor can actively participate. Transitions between personal and group work (3.b) including the ability to change between working styles (3.g) is important to enable the authors to make own drafts individually and merge it with the group work when satisfied with the content. Also transitions between the collaborative authoring tool and external tools should be provided to utilize the resulting document. 
Criteria Identification
During the process of collaborative authoring, the following medium level activities are identified: writing, formatting, commenting, accentuating, reviewing and revising. These activities can be directly adopted as features that have to be supported by the system. By using the catalogue these features are refined by choosing the corresponding criteria. Finally, the selected criteria for supporting the task of collaborative authoring can be listed:
Excluded from the general list have been the criteria 3.c, 3.d, 3.e and 3.f. Alert mechanism (3.c) are used to notify authors about when and where did changes occur. Awareness support (3.d) enables to recognize who is currently working on the document. These criteria help to coordinate the process and probably lead to a higher user satisfaction, but they are not crucial to successfully perform the overall task, as tested in the collaborative authoring tool Overleaf Limited (2016) . Community support (3.e) of the document preparation system (LaTex vs. WYSIWYG word processors like Microsoft Word), might be necessary but it is not considered as requirement of the collaboration environment. As the team structure in the collaborative authoring process might not be multi-layered, it is not crucial to create additional hierarchies in the team structure (3.f). Hence, these criteria are not selected in this case.
Content support Content integration Move Judge 2. Information sharing
Quickly retrieving context-relevant information Access and edit shared artifacts Accentuating Shared and individual workspaces 3. Coordination support Jurisdiction Transformation: personal and group work; tool and external tool Changing work styles
CONCLUSION AND FUTURE WORK
In this paper we presented a generic criteria catalog for collaborative environments and demonstrated it's use in practice on the task model of collaborative authoring. The presented criteria catalog will be used further on to identify software architecture modules of new systems and can serve as a guideline for evaluating existing collaboration systems.
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